: A visualization of the Voronoi diagram (left) and the centerline (right) of a surface.
In a surface, each cell is connected, and manipulating one will alter the surrounding geometry as well. Instead, we have based the algorithms on the centerlines and Voronoi diagram of the surface, see Figure 1 . The point in the Voronoi diagram are not connected, and therefore easier to manipulate. As a result, only the region of interest is manipulated, and the rest of the geometry is left unchanged. Using the Voronoi diagram to alter the surface was first presented in (Piccinelli et al., 2011) ; moreover, a subset of the algorithms are presented in (A. W. Bergersen, 2016) and (Kjeldsberg, 2018) .
In morphMan v0.2 you can alter cross-sectional area, bifurcation angles, overall curvature in a segment, and the shape of specific bends. For each category, there is a wide range of options, thus providing the users with many degrees of freedom for manipulating the geometries. Shown in Figure 2 is an example of rotating the branches in a bifurcation 'up' and 'down'.
The intended audience for morphMan are researchers, particularly within, but not limited to, computational biomechanics. For instance, by combining morphMan with a computational fluid mechanics solver, it can be used to objectively and reproducibly investigate how a specific geometric feature impacts the local hemodynamics. Following the tutorial, there are now prior knowledge needed, except for how to run a program from the terminal. To summarize, morphMan is a general tool for automated manipulation of tubular objects, easily expandable for specialized manipulations. In the context of flow in the cardiovas-cular system, morphMan opens new lines of investigation for unraveling the coupling between morphology and the computed local hemodynamics.
